A b s t r a c t -The i n f l u e n c e o f h u m i d i t y , gas p r e s s u r e , power d e n s i t y , and c o o l i n g temperature on t h e NO f o r m a t i o n have been i n v e s t i g a t e d . The e x p e r i m e n t a l r e s u l t s a r e compzred w i t h c a l c u l a t i o n s based on a r a t e e q u a t i o n system o f 7 5 chemical r e a c t i o n s and a c o n s i d e r a b l y reduced system. The importance o f t h e d i f f e r e n t n i t r o g e n o x i d e s i n o z o n i z e r s i s d i s c u s s e d .
INTRODUCTION

Recently new f i e l d s o f a p p l i c a t i o n o f ozone have been under c o n s i d e r a t i o n where l a r g e amounts
a r e needed. That i s why t h e e f f i c i e n c y o f i t s p r o d u c t i o n becomes more and more i m p o r t a n t .
A i r -f e d o z o n i z e r s have o n l y about h a l f t h e e f f i c i e n c y o f oxygen-fed d e v i c e s . T h i s r e d u c t i o n r e s u l t s from two e f f e c t s . F i r s t , t h e e l e c t r i c a l energy w i t h i n t h e d i s c h a r g e o f o z o n i z e r s i s f e d b e s i d e s i n oxygen i n n i t r o g e n , t o o , d i s s o c i a t i n g and e x c i t i n g n i t r o g e n molecules. Secondly, t h e presence o f s m a l l amounts o f n i t r o g e n o x i d e s reduces t h e y i e l d o f ozone.
The i n t e r a c t i o n o f t h e d i s c h a r g e w i t h n i t r o g e n cannot be avoided. B u t t h e r e i s a chance t o a f f e c t t h e n i t r o g e n o x i d e s i n o r d e r t o improve ozone g e n e r a t i o n .
NO, FORMATION
I n t h e gas d i s c h a r g e phase o f t h e ozone g e n e r a t i o n process r e a c t i v e oxygen and n i t r o g e n atoms
as w e l l as e x c i t e d molecules a r e produced w i t h i n s e v e r a l nanoseconds ( r e f . 1). These p a r t i c l e s r e a c t w i t h i n microseconds t o g i v e NO, NO2, NO3, N20, N205, and 0 3 . 
( 4 )
and 7 5 r e a c t i o n s between t h e n e u t r a l gas p a r t i c l e s . I n t h e normal range o f o p e r a t i o n t h e most i m p o r t a n t o f t h e s e r e a c t i o n s a r e : 0 + The concentrations o f the d i f f e r e n t species are c a l c u l a t e d by s o l v i n g t h e r a t e equations numerically ( r e f . 3 ) . The r a t e c o e f f i c i e n t s o f the r e a c t i o n s 5 t o 19 are f u n c t i o n s o f the gas temperature. The temperature d i s t r i b u t i o n w i t h i n the discharge gap i s c a l c u l a t e d s o l v i n g t h e heat.conduction equation.
F i g u r e 1 shows a t y p i c a l example o f measured concentrations o f 0 N20, and N205 over the energy d e n s i t y P/Q compared w i t h c a l c u l a t e d concentrations. I n t ? l s case t h e power P has been taken constant, and t h e gas flow r a t e Q has been changed i n order t o get d i f f e r e n t energy d e n s i t i e s .
As l o n g as a l a r g e s u r p l u s o f ozone molecules i s present and a t low gas temperatures the e q u i l i b r i u m o f r e a c t i o n (12) i s s h i f t e d n e a r l y completely towards N205. I n t h i s case N205, N 0, and p o s s i b l y HNO molecules a r e only detected.
The N 0 and N 0 concentrations r i s e l i n e a r l y w i t h t h e energy d e n s i t y . This i s i n agreement w i t h $he f a c t 2 t ? a t the production r a t e o f n i t r o g e n atoms ( r e a c t i o n 3 ) and e x c i t e d molecules ( r e a c t i o n 4) are independent o f t h e energy d e n s i t y and t h a t a l l n i t r o g e n atoms a r e converted t o N 0 as l o n g as ozone i s present.
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The ozone c o n c e n t r a t i o n passes through a maximum. I n t h e r i s i n g range o f i t s c o n c e n t r a t i o n 
r o p o r t i o n a l t o t h e energy d e n s i t y . I n t h i s r e g i o n t h e e f f i c i e n c y o f the ozonizer has i t s h i g h e s t values. -With r i s i n g ozone concentrations the ozone d e s t r o y i n g processes ( r e a c t i o n s
2, 6, and 8 ) become more and more important l e a d i n g t o a reduced increase o f i t s concentration. Besides, w i t h r i s i n g NO concentrations even t h e low d e n s i t i e s o f n i t r o g e n oxides l i k e NO, NO and NO3 a r e n o t agy longer n e g l i g i b l e w i t h respect t o c a t a l y t i c process
chains l i k e ( r e f . 8; 
A t higher energy d e n s i t i e s t h e c a t a l y t i c processes may destroy t h e ozone c o n c e n t r a t i o n t o t a l l y .
The concentration o f N20 and N205 i s about one percent o f t h a t o f ozone i n t h e o p e r a t i o n range o f ozonizers.
EXPERIMENTAL RESULTS
I n order t o f i n d o u t NO humidity and pressure o r the process gas as w e l l as power d e n s i t y and c o o l i n g water temperature. The geometrical dimensions a r e unchanged.
The x eriments are performed w i t h a s i n g l e tube ozonizer w i t h a discharge area o f about .1 m*.'The gap d i s t a n c e i s 1. 
Humidity
The humidity o f t h e process gas was v a r i e d between < 10 ppm ( + < -60' C ) and 900 ppm H20
( 2 -20' C dew p o i n t ) . Even with very dry a i r a background o f HNO r i s i n g w i t h energy density. A t h i g h moisture contents N205 i s no2 detectable. N205 r e a c t s w i t h H20 according t o r e a c t i o n ( 1 9 ) .
has been detected l i n e a r l y 
An i n t e r e s t i n g phenomenon has been observed i n c o n n e c t i o n w i t h t h e h u m i d i t y i n f l u e n c e . The H 0 molecules d e s t r o y t h e N205 p a r t i c l e s v i a r e a c t i o n (19). T h i s means t h a t t h e r e i s a f u r t h e r r e d u c t i o n i n t h e t r a c e s o f NO, NO2
, and NO l e s s i m p o r t a n t i n t h e presence o f h u m i d i t y ( F i g . 33:
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Because o f t h i s t h e c a t a l y t i c c h a i n s a r e
Pressure
The p r e s s u r e has n e a r l y no i n f l u e n c e on t h e N20 y i e l d i n t h e i n v e s t i g a t e d p r e s s u r e range from 1.2 t o 2.5 bar w h i l e t h e N205 y i e l d r i s e s s l o w l y with p r e s s u r e . -F i g u r e 4 shows t h e r e l a t e d
N 0 c o n t e n t over t h e ozone c o n c e n t r a t i o n . An i n t e r e s t i n g f a c t i s t h a t t h e p o i s o n i n g o f t h e o z o n i z e r due t o c a t a l y t i c processes i s s m a l l e r a t h i g h e r p r e s s u r e s and e q u a l ozone c o n c e n t r a t i o n .
2 5 . . R e l a t e d n i t r o g e n p e n t o x i d e c o n c e n t r a t i o n F i g . 6. Ozone c o n c e n t r a t i o n a t d i f f e r e n t c o o l i n g a t d i f f e r e n t power d e n s i t i e s ( < 10 ppm H20, w a t e r t e m p e r a t u r e s ( < 10 ppm H20, 1 . 2 b a r ,
Power density
I n t h e range o f t h e i n v e s t i g a t e d power d e n s i t i e s o f 1.5 kW/mt o 5 kW/m t h e n i t r o g e n o x i d e c o n c e n t r a t i o n s do n o t v a r y w i t h power d e n s i t y a t f i x e d energy d e n s i t i e s . T h i s i s i n agreement w i t h t h e f a c t s t h a t ( i ) t h e p r o d u c t i o n r a t e s o f n i t r o g e n atoms and e x c i t e d molecules remain c o n s t a n t w i t h power d e n s i t y and ( i i ) n e a r l y a l l produced n i t r o g e n atoms a r e f i n a l l y o x i d i z e d t o N205 r e s p e c t i v e a f i x e d p o r t i o n o f t h e e x c i t e d n i t r o g e n m o l e c u l e s a r e c o n v e r t e d t o N20.
1.2 b a r , Tc = 10' C) 3.8 kW/m2) F i g u r e 5 d e s c r i b e s e.g. t h e N205/03 r a t i o over t h e ozone c o n c e n t r a t i o n . A t c o n s t a n t ozone c o n c e n t r a t i o n t h e n i t r o g e n o x i o e c o n t e n t s r i s e w i t h power d e n s i t y . The maximum a t t a i n a b l e ozone c o n c e n t r a t i o n depends d r a m a t i c a l l y on power d e n s i t y .
Cooling water temperature
V a r y i n g t h e c o o l i n g water temperature has a s i m i l a r e f f e c t . An i n c r e a s e o f t h e temperature does n o t i n f l u e n c e t h e N 0 and N 0 g e n e r a t i o n e f f i c i e n c y b u t reduces t h e ozone p r o d u c t i o n ( F i g . 6 ) . T h e r e f o r e t h e 6205/03 ? a ? i o i s i n c r e a s i n g w i t h r a i s e d c o o l i n g water temperature ( F i g . 7 ) . + HNO ) remains n e a r l y c o n s t a n t . T h i s e f f e c t can be explainedXassuming t h a t t h e n i t r o g e n atom I n t h e normal range o f o p e r a t i o n t h e ozone g e n e r a t i o n e f f i c i e n c y i s i n f l u e n c e d by h u m i d i t y .
DISCUSSION
The i n f l u e n c e o f h u m i d i t y on t h e ozone and n i t r o g e n o x i d e f o r m a t i o n i s q u i t e d i f f e r e n t . The most obvious e f f e c t i s t h e v a r i a t i o n i n t h e c o m p o s i t i o n o f t h e d i f f e r e n t n i t r o g e n o x i d e species. A t l o w H20 c o n c e n t r a t i o n s ( < 10 ppm) N O5 and N20 can be d e t e c t e d o n l y . With r i s i n g h u m i d i t y N 0 i s c o n v e r t e d and e s s e n t i a l c o n c e n g r a t i o n s o f HN03 appear ( r e a c t i o n 1 9 ) . A t h i g h
Commercial o z o n i z e r s o p e r a t e w i t h e x t r e m e l y d r y a i r ( < 10 ppm H 0 ) . Though l a r g e r m o i s t u r e c o n t e n t s reduce t h e p o i s o n i n g e f f e c t ( F i g . 3 ) t h e r e d u c t i o n o f $he ozone c o n c e n t r a t i o n i s much more i m p o r t a n t l e a d i n g t o a d i m i n i s h e d ozone y i e l d .
.
2 . 
so t h a t t h e t r a c e s o f NO2 and NO ( r e a c t i o n s 10, 9 , 16, 13, and 143 a r e less i m p o r t a n t . The ozone p r o d u c t i o n v i a t h e t h r e e body c o l l i s i o n r e a c t i o n ( 5 ) i s a l s o favoured a t i n c r e a s e d p r e s s u r e .
The N 0 y i e l d i s n o t i n f l u e n c e d by p r e s s u r e w h i l e t h e N O5 y i e l d r i s e s w i t h p r e s s u r e . The c a l c u l a t e d NO ( 3 ) t o t h e mezsured N205 v a l u e s r e s p e c t i v e f i t t i n g a reduced r e a c t i o n e q u a t i o n system t o measured N 0 v a l u e s ( r e f . 2 ) . From t h i s f o l l o w s a p r e s s u r e dependency o f t h e r e a c t i o n r a t e c o n s t a n t o? r e a c t i o n ( 3 ) . The reason i s n o t y e t understood.
The i n f l u e n c e o f power d e n s i t y on t h e ozone and n i t r o g e n o x i d e g e n e r a t i o n i s shown i n F i g . 9.
The f o r m a t i o n o f t h e n i t r o g e n o x i d e s i s n o t a f f e c t e d by power d e n s i t y , however t h e ozone p r o d u c t i o n i s remarkable reduced. T h i s can be e x p l a i n e d w i t h e l e v a t e d temperatures i n t h e p r o c e s s gas a t r i s i n g power d e n s i t i e s .
The r e a c t i o n k i n e t i c s w i t h i n t h e o z o n i z e r a r e determined by temperature. Power d e n s i t y as w e l l as c o o l i n g water temperature i n f l u e n c e t h e d i s t r i b u t i o n o f t h e temperature w i t h i n t h e d i s c h a r g e gap. S o l v i n g t h e h e a t c o n d u c t i o n e q u a t i o n a mean v a l u e o f " r e a c t i o n temperature" Tr can be evaluated:
a r e f u r t h e r reduced and t h e c a t a l y t i c r e a c t i o n c h a i n s c o n c e n t r a t i o n s i n F i g . 8 a r e g a i n e d adapzing t h e r e a c t i o n c o n s t a n t o f e q u a t i o n -- 
